NASA CONTRACTOR REPORT CR-166535

| ’
GENERIC TILT-ROTOR SIMULATION (GTRSIM) USER’S |
AND PROGRAMMER’S GUIDE |

VOLUME 1: USER’S GUIDE

G. D. HAnson

S. W. FERGUSON

CONTRACT NAS2— 11317
OctoBErR 1983
SEPTEMBER 1988, REV. A

e VSN




s 4




SYSTEMSTECHNOLOGY, INC.

2672 BAYSHORE PARKWAY, SUITE 505 « ML} I‘%N;\,.’JE.‘W:EALIFORNIA 94043-1011 » PHONE (415) 961-4674

e bemdeni

IS SR S

Technical Report No. 1195-3

GTRSIM TILT ROTOR SIMULATION USER™S MANUAL

Gregory D. Hanson
Samuel W, Ferguson

October 1983
October 1987, Rev. A
September 1988, Rev. A (Final)

Contract NAS2-11317

National Aeronautics and Space Administration
Ames Research Center
Moffett Field, California 94035

o S (NN 14 & Y e Lima T v A s v e smn s
HOMEOFFICE: HAWTHORNE, CHLIFONNIA







Section

TABLE OF CONTENTS

1 GENERAL DESCRIPTION 00 0000006000000 0 0006000000600 00000000

1.1 Purpose of the User”s Manual .cccccccccccccccccas

1.2 AcknowledgementS cececececscscssccccoscccssssscce

103 References 00 00 0000000000000 000000CONINOSIPCSEOEONOINOIOSIEPOSOINPOCEOIO

2 GTRSIM SUWARY 9 0 00 00000000 0000 00T 0 OO0 OOONSOOINOPINOESISIDONLNILITGSOS

2.1 GTRSIM Application 0000000000 cc0crscc000c00cs0s0s e

2.2 GTRSIM Configuration S0 0000 cceccecttc0sscc0s oo

2.3 GTRSIM Organization eccecccsccccccssccccccsscccce

2.3.1
2.3.2
2.3.3
2.3.4
2.3.5

2.3.6

Basic Input Data eeecscecccococsccsssccosos
DTPT Run-Type Option ecececcccccscccccccccccs
TRMS Run—Type Option ceccceccececcscscccccces
MANS Run-Type Option ececcececececcccccccacse
MANU Run~Type Option cecececcesccccccacene

TUNL Run-Type Option 00000000000 0000000000

2.4 Aerodynamic Data TableS eecceeccesscsosccccscconsce

2.4.1

2.4.2

Specific Aerodynamic Data TablesS eeeccceces

Aerodynamic Data Table FileS ecceecesccoscece

3 INPUT DATA DECK @0 000 0000000000 0000000890000 008 OCOOGOSIGSIECE

3.1 General Description eceececcccccssccccscsccsoscncncs

3.2 Input Format 0 0060000000000 0000000000000 00000000c0

TR-1195-3 (Rev. A)

ii

Page

10
11
11
11
12
15
15

15




TABLE OF CONTENTS (Continued)

Section Page

4 OUTPUT GUIDE «ceeececccocceoccconascscoscsccensccoaasss 17

4,1 Reference SYSLEmMS ecescesscsscsccsscscsscscssscscccns 17

4.2 TInput Data Printout eeeseccsscscecssscesscosccces 17

4,3 Optional Printout ..............................; 23

4.3.1 1Individual Trim Page Printout eeecescesces 23

4,3.2 Rotor Derivative Matrix Printout eecececeee 23

4,3.3 Force and Moment Summary Printout eeeeceee 23

4.,3.,4 Stability Derivative Matrix Printout eee.. 27

4.3.5 SCAS—-0ff Root Printout eecececccceccscccss 27

4.3.6 MATRIX Method ROOt PILntOUE seesesssasesss 31

4,4 Run-Type Printout cecececeseccscccccsscsscccssscccccns 31

4.4.1 DTPT Run-Type Printout eeeecccscccccccscsse 38

4.,4,2 TRMS Run—Type Printout ceececececccescccesce 38

4,4,3 MANS Run-Type Printout ceeeececcccscccccase 38

4.4.,4 MANU Run-Type Printout eeecceccecccssences 43

4.4,5 TUNL Run-Type Printout eeececceccecccccscccs 43

4,5 Graphics Data File sececcccsccscccccccccscccnccse 43

5 DIAGNOSTIC PRINT OPTIONS cccsccoccccsccosccccocsccsoss 47
Appendices

A INPUT GUIDE coocococosscscscoscscscscsscaccscscsccocscse A-1

B SWITCH OPTIONS ccccococccccccccccsccacsacscsesscsaces B-1

c USE OF NAMELIST ceoscceeovcccccscoscsocsesosscsccccsse c-1

TR-1195-3 (Rev. A) iidi




TABLE OF CONTENTS (Concluded)

Appendices
D EXAMPLE OF INPUT DATA DECK cececsescescocsnsssscnce
E EXAMPLE OF TABLE NAME FILE cecoeecacccsccccccsscces
F EXAMPLE OF TABLE DATA FILE sececescoscssccscssccncs
G SIGN CONVENTIONS FOR INPUT DATA seescesccsscsccccss
H DESCRIPTION OF THE DEFAULT PARAMETERS IN THE
GRAPHICS OUTPUT FILE soveescascsosscsacsscsccsscses
1 VAX 11/785 GENERIC TILT ROTOR MATHEMATICAL
MODEL INPUT DATA REQUIREMENTS secsocsscosccsccscsse
J SIGMA 8/VMS GENERIC TILT ROTOR MATHEMATICAL MODEL

INPUT DATA REQUIREMENTS ©0 00 0000000000000 0000COSBSIOSITOLIE

TR-1195-3 (Rev. A) iv




LIST OF FIGURES

Number Page
2-1 Example of TRMS Trims Ceceiectesessavachiaissenseneesnie 8
2-2 Example of a Data Table File eecccccesccecsccsscccscccsns 13
4-1 | Control Position/Force-Force and Moment Sign

Convention ecececscscscccecessosscccssscscsccsccsccsscscnccs 18
4=2 Listing of Input DAta eeeessscscesccsscscsscccccsssccnsne 19
4-3 Formatted Print of Input Data eececcscecsccsscsscssccsnscs 21
4-4 Individual Trim Page Printout eeeecscscccsccccsssssocccs 24
4-5 Rotor Derivative Matrix Printout eeececececcceccccocccsscss 25
4-6 Force and Moment Summary Printout cecececececcscccscscccccs 26
4-7 Stability Derivative Matrix Printout eceeccccccccsccccscs 28
4-8 SCAS=0ff RoOt PrintOUt seecececcscscsccsccoscsscccscsancans 29
4-9 Matrix Method SCAS ON/OFF Printout cecececccecccessccces 32
4-10 MANS Run-Type Heading Printout seecececcccscssccscccccce 35
4-11 Subsystems 1 and 10B DTPT Run-Type Printout eceeccccccos 36
4-12 TRMS Run-Type Header and Iteration Summary Printout .... 39
4-13 TRMS Summary Page Printout B R S A S 40
4-14 MANS Run—-Type Printout eccecececcececsscscecsccsccccsscsccos 44
4-15 TUNL Run-Type Printout cceeccesccccccccsscscoccsccccoccse 45
5-1 DGPTSW=1 Diagnostic Printout eceecececcccccscccccccccacas 48
5-2 DGPTSW=1, Checks(2) Diagnostic Printout eceececcecccocccs 53
5-3 Checks(3) Diagnostic Printout eceeccececcscccscscsscccocscs 61

TR-1195-3 (Rev. A) v




LIST OF FIGURES (Concluded)

Number Page
5-4 Checks(4) Diagnostic Printout ececcececssssvccccssscccccas 62
5-5 Checks(5) Diagnostic Printout eeeeccsscccccccsccccccccses 65
5-6 Checks(6) Diagnostic Printout eecceccssccsccscocccescccace 67
5-7 Check(7) Diagnostic Printout eceeceececcsccecceccscosccscss 68
5-8 Checks(8) Diagnostic Printout eceececccecccccccccsccscccsce 70
5-9 Checks (9) Diagnostic Printout eeesecececccccccoccoscsae 73
5-10 Checks(10) Diagnostic Printout eeeeccsscccccscscssccccce 76
5-11 Checks(11l) Diagnostic Printout seecececccecccsccsscccccccce 77
5-12 TABSW=1 Diagnostic Printout ccecececsssccccsssscasscscscs 78

LIST OF TABLES

Number Page
2-1 GTRSIM Execution Options R R R I I I I I A A Y 4
4-1 Conditions for Stability DerivativesS ececccecccsccccsccsses 34
4-2 Print Options Available for TRMS and MANS Run-Types eec.. 42

TR-1195-3 (Rev. A) vi




TR-1195-3 (Rev. A) vii




1. GENERAL DESCRIPTION

1.1 PURPOSE OF THE USER”S MANUAL

This User”s Manual provides a reference in order for the reader to
(a) understand the capabilities of the Generic Tilt Rotor Simulation Pro-
gram (GTRSIM), (b) assemble an input data deck, and (c) understand the
output after successfully executing the program. Computer program GTRSIM
simulates the tilt-rotor aircraft mathematical model documented in
Ref. 1. This mathematical model and the GTRSIM program were developed
from the XV-15 mathematical model developed by Bell Helicopter Textron
(BHT) which is described in Ref. 2. Additional information concerning the
operation of Program GTRSIM is included in the Programmer”s Manual,
Ref. 3.

1.2 ACKNOWLEDGEMENTS

Systems Technology, Inc., would 1like to acknowledge the help of
Messrs. M. Landry and M. Schramm of BHT. The excellent job they did in
preparing the IFHC80 user”s and programmer”s guides (Refs. 4 and 5) sim-
plified the job of preparing this document considerably.

1.3 REFERENCES

1. Ferguson, Samuel W., A Mathematical Model for Real Time Flight Simu-—
lation of a Generic Tilt Rotor Aircraft, NASA CR-166536,
October 1983, September 1988, Rev. A (Final).

2. Harendra, P. B., M. M. Joglekar, T. M. Gaffey, and R. L. Marr, V/STOL
Tilt Rotor Study. Volume 5: A Mathematical Model for Real
Time Flight Simulation of the Bell Model 301 Tilt Rotor Re-—
search Aircraft, NASA CR-114614, April 1973.

3. Hanson, Gregory D., and Samuel W. Ferguson, Generic Tilt—-Rotor Simu-
lation (GTRSIM) User’s and Programmer”’s Guide. Volume 2:
Programmer”s Guide, NASA CR-166535, October 1983, September
1988, Rev. A (Final).
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4, Schramm, M., and L. M. Landry, Jr., IFHC80 XV-15 Tilt Rotor Simula-
tion Users” Manual, Bell Helicopter Co. (Draft) Report
prepared under Contract NAS2-10349.

5. Schramm, M., and L. M. Landry, Jr., IFHC80 XV-15 Tilt Rotor Simula-
tion Programmer”s Manual, Bell Helicopter Co. (Draft) Report
prepared under Contract NAS2-10349.
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2. GTRSIM SUMMARY

2.1 GTRSIM APPLICATION

The simulation program GTRSIM represents the major subsystems of

the Tilt-Rotor Research Vehicle including the following modules:

1. Two distinct rotors represented by algebraic
equations

2, Aerodynamic tables and equations for each component
of the airframe (fuselage, wing, pylon, horizontal
and vertical stabilizers, control surfaces, and wake
effects)

3. The entire control system including phasing and
mixing

4, The engine, drive system, and controls
5. Rotor collective governor
6. Stability and control augmentation system (SCAS)

7. Landing gear aerodynamics.

The basic input data deck. for GTRSIM consists of between eighty
and one hundred card images. This deck allows the user to specify most of
the configuration constants and variables for the tilt rotor, and the
aerodynamic data tables. Input data switch options permit varying degrees
of stability analyses and the amount of printout (both formal and
diagnostic).

Following the basic input data deck are run-type option cards.
Program GTRSIM has six run—-type options as listed in Table 2-1. The DTPT,
MANU, and TUNL options are designed mainly for checkout and diagnostics.
Trims are performed with TRMS and maneuvers are accomplished using MANS.

The END option is used to terminate a run.

TR-1195-3 (Rev. A) 3




TABLE 2-1. GTRSIM EXECUTION OPTIONS

Run Type

Description

DTPT
(data point)

TRMS
(trim sweep)

MANS
(maneuver)

MANU
(maneuver)

TUNL
(tunnel)

END
(end of run)

Data point fixes the airframe in space accord-
ing to a set of initial input conditions while
the rotor thrust/induced velocity loop is
closed.

Trim sweep of any two of eleven flight
variables.

Trim followed by a maneuver.
Start in maneuver without first trimming.
Tabulation of airframe forces and moments

versus angle of attack and sideslip.

End of execution.
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Maneuver capabilities include options for pulse inputs, time his-
tory input of control position, or a sum-of-sines driven control input on
any four of the controls for a user-specified period of time. The air-
craft flies rotor free for one second, fuselage and rotor free for another
second, followed by stick inputs for the specified run length. The run is
completed at any chosen time (up to 120.0 seconds), and data can be

printed out in several formats at any time increment desired.
2.2 GTRSIM CONFIGURATION

Program GTRSIM, a significantly revised version of Program IFHC80
developed by BHT on an IBM 370/168 (Refs. 4 and 5), is available at NASA
Ames Research Center (ARC) and is installed on a VAX 11/785 computer.
Versions of the program on the VAX include a stand-alone version, which is
executed as described in this documentation, and a version that runs under
the TRENDS flight test data base menu. The TRENDS version uses the same
input data as the stand—-alone version; however, the user interface is
modified. Information on the use of the latest version of TRENDS, as
developed and maintained by Analytical Mechanics Associates of Mountain
View, California, can be obtained through the NASA ARC XV-15 Project
Office. The VAX 11/785 installation required that FORTRAN versions of
several IBM assembly language routines be written and that the NAMELIST
and COMPLEX*16 usage be modified, i.e., all NAMELIST writes were modified
to formatted writes, a restricted simulated NAMELIST read was also
developed, and the double precision complex was replaced with single
precision complex. The single precision complex deteriorates the accuracy

and ability to separate stability roots.

Program IFHC80 at BHT has Calcomp plotting capabilities for the
MANS, MANU, TUNL, and TABL run-type options. This feature is not sup-
ported by GTRSIM. A cépability is provided in the program to printout a
graphics output data file to be picked up by some other type of user spe-
cified graphics routine. Details on this option are discussed in the
programmer”s guide in Section 4.4, and the format can be changed by the
user through modification of subroutine IFHB43 in GTRSIM or the utility

TR-1195-3 (Rev. A) 5




MATOUT source code (also discussed in Section 4.4 of the programmer”s
guide) .

The file GTRSIM.DOC, supplied with the GTRSIM code, is the text
file for the Input Guide which forms Appendices A through G of this User”s
Manual. The file can be updated easily in order to reflect future changes
or additional comments. Column 1 is used for print carriage control. If
GTRSIM.DOC is modified, the utility GTRDOC.EXE should be run to format the
text file for printing by typing "@GTRDOC" on the VAX.

2.3 GTRSIM ORGANIZATION
2.3.1 Basic Input Data

The format of the input data is specified in Appendix A. The basic
deck consists of approximately eighty to one-hundred card images, followed
by run—-type option data cards. Multiple runs can be made, but most execu-
tions will consist of the basic input data deck followed by a single run-
type option.

Once a basic input data deck has been constructed, only changes to
the switch options are required for most investigations. Values input
with run-type data cards at the end of the input dafa deck override values
input in the flight configuration data group in situations where a
variable can be specified in both locations (i.e., airspeed and gross

weight).
2.3.2 DTPT Run—-Type Option

The data point run-type fixes the airframe in space according to a
set of initial input conditions while the rotor thrust/induced velocity
loop is closed. The DTPT option is used mainly for checkout and diagnos-
tic purposes. The three data cards of the DIPT option specify the
controls, attitudes, rates, and conditions for the '"data point" and over-

ride the input from the basic deck. The DTPT option executes quickly and
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is often used in multiple runs. NAMELIST CHANGE can be used to modify the
configuration for multiple DTPT runms.

2.3.3 TRMS Run—Type Option

TRMS is the most often used option. The trim sweep option gives a
sweep of any two of eleven flight variables. The variables are velocity
along with X-, Y-, or Z-ground axis, total velocity, rate of descent,
gross weight, mast tilt angle, flaps switch setting, reference RPM, and
center of gravity station line or water line. The data card for TRMS
allows the user to specify the two flight variables, their starting value,
the increment changed between trims, and the displacement of the second
variable as the first variable increments. The second variable is swept
through its range, the first variable is then incremented, and the start-
ing value of the second variable is displaced. Figure 2-1 shows the
matrix of trims obtained by a single TRMS run in which airspeed is swept
and the starting airspeed is displaced as the mast tilt is incremented.

The starting control positions and attitudes for the trim itera-
tions are internally computed in the programe In the sweep of the second
variable, the control positions and attitudes of the previous case are
used as starting valuesv if the force and moment summation successfully
converged to zero in the previous case. When a sweep is complete and the
first variable 1is incremented before starting over on a sweep, the inter-

nally computed starting points are used.

For most trims, the starting control positions and attitudes are
satisfactorily computed and tend to minimize computation time. However
difficulty will occasionally be encountered in trimming at a point which
should trim. For instance, when trimming at a specified rate of descent,
it may be necessary to trim level and then sweep to the specified rate of

descent.

TR-1195-3 (Rev. A) 7
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2.3.4 MANS Run-Type Option

The MANS maneuver option is composed of a trim followed by a man-
euver. This sequence automatically insures that the initial conditions
for the maneuver are trim values in order to minimize any starting tran-
sients. Following the trim, the rotors fly free for one second with the
fuselage frozen in space (no integration of forces and accelerations).
From 1.0 to 2.0 seconds, both the rotors and the fuselage are released.
The specified type of control input begins at 2.0 seconds and remains for
PTIME seconds, as specified on the first MANS group data card (following
the run-type card). The maneuver executes for RTIME seconds
(120.0 = maximum) after the inputs are entered (at 2.0 seconds). This
yields a maximum elapsed maneuver time of potentially 122.0 seconds. The
user may also specify the PRTDEL print increment on the first MANS group
data card. Pulse- or step—gusts are simulated using data specified on the

fourth MANS group data card.

User selectable options that are available for inputting pilot

control positions during a maneuver are:

1. A pure pulse or step (requires four data cards for the
MANS group)

2. A user-specified time history of the control positions
(requires thirty-two data cards for the MANS group)

3. A sum-of-sines driven input (requires four data cards
for the MANS group).

The pure pulse or step input option is utilized by setting ICONTI
equal to 1 on input data card one and inputting the value of the pulse or
step (in percent control authority) on card four for the desired control
axis. The more flexible time history input data format (which accepts
steps or pulses also) is utilized by setting ICONT2 equal to 1 on card
one. Twenty-eight additional data cards are then added behind the fourth
card to define the time history of the pilot control inputs. This group

of cards includes a comment card for each control axis and the capability

TR-1195-3 (Rev. A) 9




for inputting twenty-one time breakpoints for twenty-one control positions
on each axis. Using this option, almost any flight test maneuver can be

broken up and correlated.

The sum-of-sines driven control input option is implemented using
the same positions on input data card four that are used with the pure
pulse or step option. The specified control position values are used as
scale factors for the magnitude of the sum—of-sines input (to insure that
the magnitude of the input does not cause the tilt-rotor to be driven out
of control during a run). Since this option is normally used for one axis
at a time, a scale factor of 0.0 on the other axes prevents them from
being driven by the sum-of-sines input. Time history outputs for this
option are automatically run for 81.92 seconds. A graphics output file is
generated so that the results can be plotted and input into a Fast-Fourier
Transform (FFT) program where describing functions can be derived from the
data (i.e., for use in demonstrating compliance with handling qualities

specification requirements).

An option is provided on input data card two to specify a time
during the maneuver at which one of the axes of the SCAS may be failed.
This option provides for the capability to study transient conditions at

various points in a maneuver following a SCAS failure.
2.3.5 MANU Run-Type Option

The maneuver option starts a maneuver &ithout first trimming. The
user must therefore be careful to specify all initial (trim?) conditions
in order to establish a stabilized flight path at 2.0 seconds. MANU prob-
ably should be used only if MANS has been unsuccessful in trimming. Trim
initial conditions can be obtained from a previous TRMS sweep. All other

characteristics of the MANU option are identical to the MANS option.

TR-1195-3 (Rev. A) 10




2.3.6 TUNL Run—Type Option

The tunnel option "simulates" a wind tunnel by tabulating airframe
forces and moments versus angle of attack and sideslip and is normally
used for dignostic checks. On the first TUNL data card, the user speci-
fies the minimum value for angle of attack and sideslip, the sweep (step)
increment, and the number of points in the sweep. The second data card

has a print switch for the tabulation of the data.

2.4 AERODYNAMIC DATA TABLES

2.4.1 Specific Aerodynamic Data Tables

The aerodynamic data tables used in GTRSIM are read into the pro-
gram from 3individual data table files at the beginning of program
execution. To facilitate the reading of each data table file in the cor-
rect order, a master list containing each data table file name and its
directory location is required. Appendix E presents an example of the
file that contains the 1list of file names, a brief description of each
file, and the VAX VMS directory in which the file is stored. There are
306 data tables (hence 306 files) which need to be read and stored in the
program. It is extremely important that the order of this list not be

changed, as the order in which the files are found in the list relates to
the way the files are stored in the program and referenced from within the
program. Thus any changes in this list will result, without question, in

erroneous results.

Although the order of the 1list of tables cannot be changed, the
name of the data table itself and the directory under which the file is
stored can be changed. The description of the data table can also be
changed to reflect any additional information. However, there are a few
restrictions or requirements which must be adhered to when making any

changes in this 1list.
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l. All file names begin in the first column, except those
preceeded by a "$". If changing a file name preceeded
by a "$", the "$" is in the first column, and the file
name starts in the second column. The "$" is a signal
to the program that a new section of tables is being
read.

2. The description begins with a "!" and is limited to a
length of 50 characters. The only characters which
cannot be used in the description are the right and
left square brackets (i.e., [ and ]), as these are
reserved for the directory information.

3. The directory must begin with a "[" and end with a
", The 1limit on the length of the directory is

30 characters including the square brackets. The
directory should also begin at least 50 spaces after
the "!" starting the description of the table.

4, The total 1length of a 1line 1is 1limited to 120
characters.

The directory and name of the file which contains the list of the
data files to be read is specified on the last card in the flight con-
figuration group of the input data deck. The directory 1is specified
first, enclosed in square brackets, followed by the file name. Thus the
operator of the program specifies which data file 1list is to be used,
which further specifies from which directories the data files are to be

read.
2.4,2 Aerodynamic Data Table Files

The individual aerodynamic data tables are read into the program
(as compared to IFHC80 where the data tables were compiled with the pro-
gram) to provide the user the option to modify the tables as desired
without affecting the executable program. The following section describes
an example data table file and how to make changes within a file.
Figure 2-2 presents the example data table file. The data table file
contains a description, the independent data (i.e., break points), and the
dependent data (i.e., table data). Data table files are read such that

blank 1lines are ignored and any 1line containing a "!" is treated as a

TR-1195-3 (Rev. A) 12




! EXAMPLE.TAB

! ALL COMMENT LINES START WITH A *!"

! ALL LINES WITH A "!" AND BLANK LINES ARE IGNORED

1

t THE INDEPENDENT DATA BEGINS WITH A LINE CONTAINING ONLY A *1°
1

1

-40, -3%. -32. -28. -24. =20. -19.5
-16, ~ -15.5 -13. -12. -ll. -8. -4,
0. 4. 8. 11. 12. 13. 16.

1. 20. 24, 28. 3. 3. 40.
1

; THE DEPENDENT DATA IS SEPARATED FROM THE INDEPENDENT DATA
! BY A LINE WITH A *§°

$
-.93 -84 -84 -89 -1. -L15 -lLI15
-.95 =91 -5 -.67 -.59 -3 -.04
.38 72 1,04 1.28 1.37 1.42 1.57
1.87 1.38 1.2 1.2 1.27 14 1.46

Figure 2-2. Example of a Data Table File

comment line that is also ignored. Comment lines may be placed anywhere

within the data table file and must begin with an "!".

A line in the file with a 1 and nothing else on the line signals
the beginning of the independent data. This data should be stored in the
file from the smallest value to the largest (i.e., negative to positive).
The end of the independent and beginning of the dependent data is signaled
with a "$" on a line with nothing else contained on that line. The depen-
dent data follows with the data being presented in the order corresponding
directly to the independent data.

The length of each line of a data file is limited to 80 characters;
however, the only required input format is that the data points are separ-
ated by at least one space. (Tabs are not allowed.) It is important to
note that the number of data points per line is not restricted, only that
they fit in 80 columns, nor does the number of data points per line of

dependent data have to equal the number of data points per 1line of
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independent data. The only restriction is that there be an equal number
of data points. Also, the number of data points contained in a table is
not predetermined (i.e., the program determines the number of data points
contained in the file as it reads the data points). Thus the data files
and the program are dynamically dimensional in that the data files can
change size, and the program will adjust itself to that size.

To change a data file, merely edit the file making sure that all

descriptions begin with an "!" and that a 1 preceeds the independent data,

and the independent and dependent data are separated by a "$".-

TR-1195-3 (Rev. A) 14




3. 1INPUT DATA DECK

3.1 GENERAL DESCRIPTION

The ©basic input data deck for Program GTRSIM consists of
approximately eighty to one-hundred card images. The last card of the
input data deck is an END OF DATA card. Following the END OF DATA card is
a run-type option card and its associated data cards (at least one run-
type card must be specified). Ordinarily only one run type is executed
per job, but multiple runs can be made. Following the associated run-type
data cards must be NAMELIST CHANGE cards. The NAMELIST CHANGE cards
signify the start of a new run and represent changes of data from the
basic input data deck. For multiple runs, the input dafa is always
restored back to the data of the basic input data. This means that the
NAMELIST CHANGE data and the run-type data represent data changes to the

original input data as opposed to the previous case run.
3.2 INPUT FORMAT

The format of the input data deck is specified in Appendix A. The
basic data deck begins with four comment cards followed by groups of data
cards for each subgroup. The first card of each subgroup is also a com-
ment card. Appendix I provides a cross reference for the input data deck,
the associated VAX/VMS FORTRAN 77 input data variable names, and the
mathematical model equations as described in Ref. 1. As a convenience to
the user, Appendix J provides a cross reference similar to Appendix I for
use with the NASA Sigma 8/VMS version of the generic tilt-rotor program

{not revised for Revision A).
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The input data switch options are explained in Appendix B. Notes
on the use of NAMELIST CHANGE is in Appendix C, and an example of an input

data deck is given in Appendix D. A data table list file is given in
Appendix E, and an example of a data table file is given in Appendix F.
Sign conventions for input data are provided in Appendix G.

TR-1195-3 (Rev. A) 16




4. OUTPUT GUIDE

4.1 REFERENCE SYSTEMS

Earth, body, wind, and mast axes systems are used in the mathemati-
cal model. The rotor flapping, forces, and moments are calculated in a
"wind-mast" axis system, while the airframe aerodynamic forces and moments
are calculated in a wind axis system. Forces and moments from the rotor
and airframe are resolved into the body axis system for solution of the
aircraft equations of motion. The flight path of the aircraft is de-
scribed with reference to earth-fixed axes with the aircraft orientation

given by the Euler angles ¥, 0, and ¢, in that order of rotation.

The control position/force-force and moment sign convention is

shown in Fig. 4-1. Sign conventions are in accordance with Ref. 1.
4.2 INPUT DATA PRINTOUT

As the program begins execution, the first printout obtained is a
listing of the input data cards through the END OF DATA card. Figure 4-2
presents this printout. This printout is strictly an echo of the input
card images without regard to any illegal characters, input format errors,
or program logic. This 1listing can be useful in locating input data
errors that may be found in the following formatted input data printout.

The formatted print 1is separated into subsystem groups as shown in
Fig. 4-3. 1In each subsystem, a line is used to print the variable name,
description, input data value, and units. For execution on a computer
terminal, NTSOSW can be set to eliminate the formatted print by subgroup
with the exception of the Flight Configuration Group.

TR-1195-3 (Rev. A) 17
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IV-15 TILY ROTOR DIGITAL FLIGHT SIMULATION
6.¥. = VARIABLE LBS, 299.9 AF? C.6.
FLAPS 0/0, GEAR UP, 10-11-88
EXANPLE CASE FOR DOCUNENTATION
t14tt SUBSYSTEM 1 - ROTOR GROUP ###it
3.0 12.5 14.0 4.667 -15.0 102.5 225.0
300.0 193.0 100.0 0.97 0.015 -0.068 0.8]
291.7 193.0 118.0 3986.0  90.0 1.0 10.0
1.0 0.6 0.5333  0.4667 0.4 0.3333  0.2667
0.2000 0.1333  0.0667 0.0
0.0 10.2 12.3 14.5 17.75 21.90 26.15
30.65 34.65 38.00 40.90 :
1.6 0.0 0.0 0.0 0.0 338.19 3.0
4.95 8.0 -30.0 8.0 1.0
2.5 180000. 0.0l 0.85 0.3% 0.20
1.0 0.11 -0.08 1.5629083 -2.911932 54.0
17.807  -0.561 6.0 0.1067 0.5733 1.0 5.5
#4442 SOBSYSTEM 3 - FUSELAGB GROUP #t#t
293.0 84.0 ,
-1.23 -1.56 66.5 0.0 -0.5 1.15
tittt SUBSYSTEM 4 - WING-PYLON GROUP t###t
291.17  95.85 181.0 3.17 5.225 6.5 5.7

0.0 0.0 0.0 -0.774¢  0.27 -0.0016 0.006
-0.0315 0,057 <0.016 -0.32 -0.06 1.0 -0.45
1.4000  -0.0035 0.26 0.0806  .00003341 .000007386
24.05

t1tt SUBSYSTEN 5 - HORIZONTAL STABILIZER GROUP ttttt
560.0 103.0 50.25 3.92 -0.00422

0.0 0.518 0.8 0.24 1.0 0.0 0.0
ti4¢t SOUBSYSTEM 6 - VERTICAL STABILIZER GROUP #tttt
2.0

570.02  -77.0 115.69  25.2% 0.0 3.02522

0.27 0.25 -0.1 0.0 1.0 0.24

570.02 77.0 115.69  25.25 0.0 3.02522

0.27 0.25 -0.1 0.0 1.0 0.24
#4224t SUBSYSTEM 7 - LANDING GEAR GROUP t#tit

324.0 7.4 139.0 4.95 10.0 1.0

t424+ SUBSYSTEM 8 - CONTROL SYSTEM GROUP ####t
4.8 4.8 2.5 4.8 4.8 2.5
4.167 3.93 8.0 0.0 1.0 1.0 1.0
0.0
0.0
0.0

olo l's

9.6 9.6 5.0 10.0 90.0 -5.0

te24¢ SUBSYSTEN 14 - IGE MOMENT GROUP it
-7506.0 23366.0 -20134.0 5290.0 -0.1 1.6386 0.5
-0.9 2.6 -0.08

tattt SUBSYSTEMS 17,18, &19 - POWER MANAGEMENY GROUP t#itt
11.3 0.0 6.0 6.0 824.0 35.133  0.93
-0.94 1.94 0.0 13100.0 235.0 475.0 288.16
0.0032  0.87% 0.00125 0.0 0.0 42.0 1400.0
1.0 1.0 10.0 -5.0 33.5

Figure 4-2. Listing of Input Data
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#4444 SUBSYSTEN 20 - SCAS CROUP ####t
1.078

1.0

0.3 3.0 0.3

0.6 -1.0 0.921 0.386 0.107 0.0
1.8 2.5 0.2 0.2 0.0 0.0
0.092 0.059

1.0 1.617

0.3 3.0 0.3

1.0 1.0 0.535 0.803 0.064 0.057
10.0 10.0 0.2 0.2 0.0 0.0
0.15 0.15

1.0 0.4

2.7 2.7 0.0

2.9 0.0 0.16 0.08 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0

t442¢  TABLES NOT READ IN FROM OUTSIDE FILES #tt##
0.057 0.0575  0.057 0.0563
0.0799  0.080 0.080 0.08
0.0799  0.0837 0.0915  0.0968
0.2126  0.2512  0.256 0.442
0.0177  0.0419  0.058 0.243
0.0177  0.0178  0.0179  0.0405
0.00316 0.00396 0.00476 0.0
0.000 15.0 30.0 60.0
tee2t FLIGHT CONFIGURATION GROUP ##ttd
12690.0 7432.0 0.0 8.6

299.9 0.0 81.65 52795.0 21360.0 66335.0 1234.0
20.5 11.24 9.26 1.7
4.9 4.8 2.5 6.9 516.5 516.5 0.01
150.0 0.0 0.0 0.0 1.0 0.0
0.0 3.0 0.0 0.0 0.0 0.0
0.0 0.0 7500.0 0.0 0.0 0.0
1.0 1.0 0.0
0 1 0 1 0
0 0 1 0 1
0 0 0 1 1 0
4 7 10
(SAN.ABROTAB]TABLIS.DAY
END OF DATA
TRES
10 12690.0 -144.0 1 1 140.0 0.0 20.0 7
&CEANGE
4EID
/t

Figure 4-2 (Concluded)
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SUBSYSTEM NO. 1
NAME

IBLADS
RADIUS
CHORD
LMAST
DEL3
IBLADE
L4

SLSP
BLSP
¥LSP
BTLOSS
DELO
DEL1
DEL2
SLPYL
WLPIL
PYLWT
BETAD
PHIM
NSEGNT
Il
1(2)
1(3)
I(4)

I( %)

I( 6)
i

1( 8)
I(9)
X(10)
x(11)
THETA( 1)
THETA( 2)
THETA( 3)
THETA( 4)
THETA( 5)
THETA( 6)
THETA( 7)
THETA( 8)
THETA( 9)
THETA(10)
THETA(11)
4

K1

12

K3

K4

ROTOR GROUP
DESCRIPTION

NUMBER OF ROTOR BLADES
BADIUS OF ROTOR DISC
BLADE CHORD

MAST LENGTH

PITCH FLAP COUPLING
BLADE FLAPPING INERTIA
FLAPPING BUB SPRING RATE

S.L. OF SHAFT PIVOT POINT
B.L. OF SHAFT PIVOT POINT
W.L. OF SHAF? PIVOT POIN?

BLADE TIP LOSS FACTOR
COEST IN CDF EQUATION
CONST IN CDF EQUATION
CONST 1IN CDF EQUATION
S.L. OF PYLON C.G.

W.L. OF PYLOX C.G.
WEIGHT OF TWO PYLONS
MAST TILT ANGLE

MAST DIHEDRAL ANGLE
NUMBER OF BLADE SEGNENTS
BLADE STATION / B

BLADE STATION / R

BLADE STATION / R

BLADE STATION / R
BLADE STATIOR / R

BLADE STATION / R

BLADE STATION / R

BLADE STATION / B
BLADE STATION / R

BLADE STATION / B
BLADE STATION / R
BLADE IWIST

BLADE TWIST

BLADE IWIS?T

BLADE IWIST

BLADE IWIST

BLADE TWIS?

BLADE TWIST

BLADE TWIST

BLADE IWIS?T

BLADE TWIST

BLADE TWIST

CONST-WING VELOCITY EQU
CONST-WING VELOCITY EQU
CONST-WING VELOCITY EQU
CONST-WING VELOCITY EQU
CONST-NING VELOCITY EQU

VALUE

3.0000
12.500
14.000
4.6670
-15.000
102.50
225.00
300.00
193.00
100.00
0.97000
0.15000E-01
-0.68000E-01
0.81000
291.70
118.00
3986.0
0.00000E+00
1.0000
10
1.0000
0.60000
0.53330
0.46670
0.40000
0.33330
0.26670
0.20000
0.13330
0.66700E-01
0.00000E+00
0.00000E+00
10.200
12.300
14.500
17.750
21.900
26.150
30.650
34.650
38.000
40.900
1.6000
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

Printout from Subroutine SIMINIT if NTSOSW=0

UNITS

-)D-
F?

I

Ft

DEG
SLG-F12
F?-LB/DEG
1N

DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG

Figure 4-3. Formatted Print of Input Data
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SLVTE STA LINE WING TRAIL EDGE 338.19 n

KRW SKEW ANGLE VEL.DIST.FACT. 3.0000 - -AD-
NASEGS NUMBER OF AERO. SEGMENTS 8 -MD-
BDALPO CONST-BLADE ZERO LIFT 1.0000 DEG
AOBAR PRECONE ANGLE 2.5000 DEG
KBUB CONING HUB SPRING 0.18000E+06 F?-LB/DEG
RSLCO CONST-SLOPE OF LIFT COURVE 4.9500 -hD-
RSLC1 CONST-SLOPE OF LIFT CURVE 8.0000 -§D-
RSLC2 CONST-SLOPE OF LIFT CURVE  -30.000 -1D-
CDALPH DRAG COEF. SLOPE W/ALPHA 0.10000E-01 -iD-
CDLIN ORSET - PROFILE DRAG RISE  0.85000 -§-
CDMACH LOVWER LINIT - MACH EFFECT  0.35000 -AD-
CDFAC? DRAG COEFFICIENT FACTOR 0.20000 -1D-
CTHAXM CT MAX MULT. FACTOR 1.0000 -iD-
CDNAX MAY. DRAG COEFFICIENT 0.11000 -1D-
GEWASH A/S WASHOUT IGE -0.80000E-01 SEC/FY
GECOK1 CORST. IN IGE EQUATION 1.5629 -KD-
GECON2 COBST. IN IGE EQUATION -2.9119 -ND-
SFWASH A/S WASHOUT ROTOR SIDE FX 54.000 FPS
KMl INDUCED VEL. DISTR. EQN. 17.807 -§D-
KNO2 INDUCED VEL. DISTR. EQN.  -0.56100 -iD-
KNUSF SIDEWARD FLT CORR. FACTOR 6.0000 - -ID-
NULO INDUCED VEL. DISTR. EQN. 0.10670 -1D-
L1IL) INDUCED VEL. DISTR. EQN. 0.57330 -1D-
SDBM90 SPINNER DRAG AT BETAD=90 1.0000 Fr2

SDBM SPINNER DRAG EQU. CORST. 5.5000 FT2

SUBSYSTEM NO. 1 ROTOR GROUP TABLES

TABLE NAME DESCRIPTIOR DIRECTORY

TBAR NAX THRUST COEFFICIENT VS MU [SAM.AEROTAB]
CTL15 THRUST COEF END LIMIT,BM=15. [SAM.AEROTAB)
CTL30 THRUST COEF END LIMIT,BN=30. [SAM.AEROTAB]
CTL60 THRUST COEF END LIMIT,BM=60. [SAM.AEROTAB)
TISF SIDEWASH EFFECT (SAM.AEROTAB]
1ISS SIDEWASH EFFECT [SAM.AEROTAB]

Figure 4-3 (Concluded)
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4.3 OPTIONAL PRINTOUT
4.3.1 Individual Trim Page Printout

If TRMPAG=1 for the TRMS and MANS run—-type options, the individual
trim page will be printed. As shown in Fig. 4-4, the individual trim page
consists of the header, the aircraft trim values, and the trim flight

conditions. In the standard header are:

Airspeed

Nacelle Incidence

Mode of Flight (helicopter, conversion, or airplane)
Gross Welght

Center of Gravity

Rotor RPM

Mast angle

Flap setting

The TRMS option will also provide a summary trim page at the end of the

rune.
4.3.2 Rotor Derivative Matrix Printout

If RDERMX=1 for the TRMS and MANS run-type options, the rotor deri-
vative matrix will be printed. As shown in Fig. 4-5, the rotor derivative
matrix gives the derivative of the rotor terms as a function of aircraft

linear and angular rates, control inputs, and rotor rotation speed.
4.3.3 Force and Moment Summary Printout

If FAMSUM=1 for the TRMS, DTPT, MANS, and MANU run-type optionms,
the force and moment summary page will be printed. As shown in Fig. 4-6,

the force and moment summary page consists of the header and a tabulation

in body axis of individual and total airframe and rotor X, Y, and Z forces
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b22223822332] (23222838 22%]

AIRCRAFT TRIN FLIGHT CONDITIONS

HARERARRAARE AR AR R R AR AR R AR R AR AR RARRRRARRRARRRRRRRRIRARRRERRRIRE
t2t VT = 0,10 KTS t#+ NACELLE INCIDENCE = 90.0 DEG #*** HELICOPTER ##*

t+2 GW = 13000.0 BPM
tit  NAST ANGLE =

0.00 DEG

569.00
trase

SLC6 = 299.80 WLCG =
FLAP SETTING =

81.65 t1t
40/25 DEG #t

thitttdndatandaditdndtattdnbntandndndasihashtshtasansndtashthtsnanndrnet

EARTHE REFERENCE

TR-1195-3 (Rev. A)

ol

Printed from

Subroutine IFHB42

if TRMPAG = 1

UE VE VE
RATE  (FPS) 0.1688 0.0000E+00  0.5821E-10
ACCEL (FPS2) 0.1749E-04 -.7575E-13  0.4655E-03
--------------- BODY REFERENCE ---------------
UB VB VB P 0 R
RATE (FT OR DEG/SEC) 0.1688 0.0000E+00  0.7131E-03  0.0000E+00 0.0000E+00  0.0000E+00
ACCEL(FT OR DEG/SEC2) -.9890E-14 0.1776E-02 -.4231E-12
----- ATNOSPHERIC CONDITIONS ----- ----- FLIGHT PATH CONDITIONS ----- ----- INERTIAS ----- ----- CENTER OF GRAVI?Y -----
ALTITUDE (F1) 1000.00 CAL. AIRSPEED (KNOTS) 0.00 (SLUGS-F12) (IN)
DENSITY ALT. (FT) 1815.95 RATE OF DECENT (FPS) 0.00
PRESSURE ALT.(FT) 1000.00 G-LEVEL (G §) 1.00 IXX 0.5280E+05 S.L. 299.8
AMBIENT TEMP (DEG-R) 293.16 DYN PRES (SLUGS/FT-SEC2) 0.00 IXZ 1234, B.L. 0.0000E+00
OUTSIDE AIR TEMP (DEG-C) 20.00 ANGLE OF ATTACK (DEG) 0.242 IYY 0.2136E+05 W.L. 81.65
AIR DENSITY (SLUGS/FT3) 0.2253E-02 FLIGHT PATH ANGLE(DEG) 0.000 IZ2Z 0.6634E+05
SIDESLIP ANGLE  (DEG) 0.000
THETES (D) 1,01735 ROLL ANGLE (DEG) 0.000
DELSTD (ND) 0.96439 PITCH ANGLE (DEG) 0.242
SIGMA PRIME (HD) 0.94794 YAV ANGLE (DEG) 0.000
----- CONTROL DISPLACEMEN?S -----  --------------- POWER/TORQUE -----------==-= ==-=ceece- BLADE ----------
(+) (1K) (PER) POWER TORQUE GOV. PITCH TIP SPEED TIP MACH KO.
COLL  (UP) 7.6518 76.52 (SHP) (F1-LBS) (DEG) (FPS) (WD)
LOKG (FWD) 4.9047 51.09 LEFT 1014, 9040. 3.248 771.2 0.6848
LAT (RT) 4.8000 50.00 RIGET  1014. 9040. 3.248 7.2 0.6848
PEDAL  (RT) 2.5000 50.00 ENGINE 1100. )
----- SWASH PLATE ANGLE (DEG) ---- se-e-ece--- ROTOR -------------
LEFT ROTOR  RIGH? ROTOR ------------- FLAPPING ------------ ---- FORCES - MAST AXIS ------ -- JET --
THETAO 47.6909 47.6909 A0 LOKG LA? THRUST B-FORCE  Y-FORCE ~ THRUST
Bl 0.2199 0.2199 (DEG) (DEG) (DEG) (LBS) (LBS) (LBS)  (LBS)
Al 0.0000 0.0000 LEF? 3.0917  -0.2132  -0.0242  7328.35 -27.63 -5.21  101.11
RIGET  3.0917  -0.2132  -0.0242  7328.35 -27.63 -5.21 101.11
-------- SURFACE POSITIONS ------- PROP ADVANCE  INDUCED  INFLOW COEFF COEFF COEFF
(DEG) EFFIC. RATIO  VELOCITY  RATIO POVER THRUST DRAG
(HD) (MD) (FPS) (¥D) (ND) (ND) (ND)
ELEVATOR 0.4363 LEF? 0.0000 0.0002  54.0268 0.0700 0.001100 0.011146 0.028295
AILERON 0.0000 RIGHT  0.0000 0.0002  54.0268 0.0700 0.001100 0.011146 0.028295
RUDDER 0.0000
CDRISE CTEL CDALPHA  CDLIM CDMACH CDFAC?
(D) (D) (D) (¥D) (¥D) (D)
LEFT -0.03127  0.01601  0.01000  0.85000  0.35000  0.20000
RIGHT -0.03127  0.01601
TINE USED FOR THIS YRIN =  0.0820 MIN
Figure 4-4. 1Individual Trim Page Printout.
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FUSELAGE

VIRG
LEFY WING
RIGHT WING
FREESTREAN
T0TAL

ENGINE PYLONS
HORIZ. STAB.

VERT. STAB.
FIN X0. 1
FIN ¥0. 2

T0TAL

LANDING GEAR
MAIN AERO.
NOSE AERO.
DYNANIC

T0TAL

JET THRUS?T
LEFT ENG
RIGHT ENG

T0TAL

GROUND EFFECY
FUSE-HOR STAB

TOTAL AIRFRAME
ROTOR
LEFT ROTOR
RIGHT ROTOR
BUB SPINNER
TOTAL ROTOR

T0TAL AIRCRAFT
(BODY AIIS)

T0TAL AIRCRAFT
(IRERTIAL AXIS)

TR-1195-

(AR ELEL FORCE AND MOMENT SUMMARY (BODY AXIS) trteeaneenes

FEREREARREERRRARRARRRRRARRIRRRRERRRRRRRRARRARRRRRRARERRRRARRARRARIRARAS
t#t VP = 0,10 K?S #+¢ NACELLE INCIDENCE = 90.0 DEG ##¢+ HELICOPTER #it
tt GN = 13000.0 BPH = 589.00 SLCG = 299.80 WLCG = 81.65 ttt
t2t  NAST ANGLE = 0.00 DEG  ###2t FLAP SETTING =  40/25 DEG ###

tetrhdtttdtnddedttnddtadshtanatRhttanadattat oottt RaanattRsRatases

X-FORCE Y-FORCE 2-FORCE ROLL PITCH
LBS LBS LBS F1-LBS F?-LBS
0.000 0.000 0.000 0.000 =0.002
-0.041 0.000 869.381 -9376.809 500.447
-0.041 0.000 869.381 9376.809 500.447
-0.001 0.000 -0.002 0.000 -0.001
-0.082 0.000 1738.761 0.000 1000.893
-0.222 0.000 113.798 0.000 2.236
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000
0.000 0.000 -101.275 1628.834 -1.688
0.000 0.000 -101.275 -1628.6834 -1.688
0.000 0.000 -202.549 0.000 -3.376
0.000 0.000 0.000 0.000 0.000
-0.304 0.000 1650.010 0.000 999,751
27.667 -122.860 =7337.244 117849.211 -499,748
27.667 122.860 =7337.244  -117849.211 -499.748
-0.021 0.000 6.585 0.000 0.237
55.313 0.000 -14667.901 0.000 -999.259
55.009 0.000 -13017.893 0.000 0.492
0.084 0.000 -18.008 0.000 0.492

Figure 4-6. Force and Moment Summary Printout

3 (Rev. A) 2€

Printed from

Subroutine FAMPRT .

if FAMSUM =1

YAW
F?-LBS

0.000
-0.439
0.439
0.000
0.000
0.000
0.000
0.000

0.000
0.000

0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
-8606.591
8606.591
0.000
0.000

0.000

0.000




and roll, pitch, and yaw moments. The total aircraft summation is given

both in body and in inertial axis.
4.3.4 Stability Derivative Matrix Printout

If STBMTX=1 for the TRMS and MANS run-type options, the stability
derivative matrix will be printed. For the DTPT case, this matrix is
printed even if STBMTX=0. If SRTSPT=1 (for printing SCAS-off roots) or
SCSRTS=1 (for printing SCAS-on roots), STBMIX is turned on internally in
the program. As shown in Fig. 4-7 (for dimensional stability derivatives,
NDIMSW=0), the stability derivative matrix page consists of the header and
then a tabulation of the derivatives of the X-, Y-, and Z-body forces; the
L-, M-, and N-body moments; and torque as a function of linear and angular
aircraft rates, rpm, and control positions. By varying the value of
NDIMSW (see Pages A-27 and B-2), the user can specify the units of the
output on the printout. If NDIMSW=0, the stability derivatives are in
dimensional units. If NDIMSW=1, the dimensional units are presented as
divided by mass and the appropriate axis inertia. Non-dimensional deriva-

tives are printed out if NDIMSW=2,.
4.3.5 SCAS-Off Root Printout

If SRTSPT=1 for the TRMS and MANS run-type options; the longitu-
dinal and lateral SCAS-off stability roots will be printed. The solution
method invoked using this switch is a determinant (non-matrix) stability
analysis solution. As shown in Fig. 4-8, the total printout appears on
two pages; On the first page 1is the matrix data, coefficients of
characteristic equations, and longitudinal and 1lateral roots. On the
second pagé of printout, the roots are identified as longitudinal phugoid,
longitudinal short period, dutch roll, roll mode, and spiral mode. These
roots may not be i1dentified using the classical terms if the airspeed
approaches too close to hover; however, the roots will be calculated.
Time to half or double amplitude and damping is also printed. (In gener-
al, the suggested method for obtaining SCAS~-OFF roots is chosen with the
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P T0TAL
ROTOR
AIRFRM

0 TOTAL
ROTOR
AIRFRM

R T0TAL
ROTOR
AIRFRM

U T0TAL
ROTOR
AIRFRN

v T0TAL
ROTOR
AIRFRN

] T0TAL
ROTOR
AIRFRM

RPN T0TAL
ROTOR
AIRFRM

IC0L TOTAL
ROTOR
AIRFRM

XTHEG TOTAL
ROTOR
AIRFRM

ILE  TOTAL
ROTOR
AIRFRM

ILT  T0TAL
ROTOR
AIRFRM

XPD - TOTAL
ROTOR
AIRFRM

L2 RESE SRR L

tttddkkrathdtdhthtRaR AR RARAR AR AR RSP AR R AR AR RN RN RO RRARRRRRRRRRRRERRAS

0.10 KYS ##* NACELLE INCIDENCE = 90.0 DEG *t* HELICOPTER
81.65 122

tit P =

t12 GW = 13000.0

t2t  NAST ANGLE =

XBODY

0.0000
0.0000
0.0000
780.2933
780.1481
0.1452
-0.0001
=0.0001
0.0000
-5.0090
-3.3407
-1.6683
0.0000
0.0000
0.0000
0.0821
0.0091
0.0731
1.7508
1.7561
-0.0053

1BODY

7.6973
7.7189
-0.0216
4.6852
4.6988
-0.0137
533.9672
533.9872
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

TINE OSED IN BAMDLE =

STABILITY DERIVATIVE MATRIX

1333333333233 3 7]

ik

i1t

NBODY

11398, 4580
11390.5078
7.9501
0.0000
0.0000
0.0000
-1823.9417
-1752.4609
-71.4807
0.0000
0.0000
0.0000
88.8709
85.0854
3.7854
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

NBODY

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
-1372.6200
-1372.5977
-0.0223
6584.8760
6584.8701
0.0059

BPM = 589.00 SLCG = 299.80 WLCG =
0.00 DEG  ##t++  FLAP SETTING =  40/25 DEG
ltittitltitttttttiitlttititittltttttttttttttittttititlitittt*tﬁtlititttli
YBODY ZBODY LBODY MBODY
UNITS = (LBS OR FT-LB) / (FT/SEC OR RAD/SEC)
-757.9852 0.0000  -22360.4121 0.0000
-757.6395 0.0000  -28275.1563 0.0000
-0.3457 0.0000 5914.7446 0.0000
0.0000 -78.84717 0.0000 -6941.5117
0.0000 -90.4297 0.0000 -6891.5356
0.0000 11.5796 0.0000 -49,9762
-258.1416 0.0195 5467.7905 0.0018
-261.3074 0.0195 6037.2656 0.0000
3.1658 0.0049 -569.4751 0.0018
0.0000 -17.1162 0.0000 30.9249
0.0000 -15.5347 0.0000 23.9260
0.0000 -1.5817 0.0000 6.9989
-8.6709 0.0000 -196.7278 0.0000
-8.0627 0.0000 -200.4453 0.0000
-0.6082 0.0000 3.7175 0.0000
0.0000 -83.3013 0.0000 -9.0323
0.0000 -77.7974 0.0000 -0.2449
0.0000 -5.5041 0.0000 -8.7873
0.0000 -423.7712 0.0000 3.3638
0.0000 -475.7688 0.0000 -29.0139
0.0000 51.9973 0.0000 32.31M
CONTROL DERIVATIVE MATRIX
YBODY ZBODY LBODY NBODY
UNITS = (LBS OR FT-LB) / (INCH OR DEG(XTHEG)
0.0000 -1807.0566 0.0000 -17.3708
0.0000 -2012.2471 0.0000 -145.0208
0.0000 205.1901 0.0000 127.6500
0.0000 -1129.5127 0.0000 -9.9886
0.0000 -1257.76217 0.0000 -89.7744
0.0000 128.2505 0.0000 79.7858
0.0000 -3.7236 0.0000 -4231.0894
0.0000 -3.8799 0.0000 -4231.1787
0.0000 0.1563 0.0000 - 0.0891
-13.2464 0.0000 11868.9863 0.0000
-13.2464 0.0000 12625.2656 0.0000
0.0000 0.0000 -756.2792 0.0000
94.1416 0.0000 781.3130 0.0000
94.1419 0.0000 762.4688 0.0000
-0.0003 0.0000 -1.1558 0.0000
0.1833 NIN
Figure 4-7. Stability Derivative Matrix Printout
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Printed from

TORQUE

0.0000
0.0000
0.0000
-350.0195
-350.0195
0.0000
0.0195
0.0195
0.0000
25.7056
25.7056
0.0000
0.0000
0.0000
0.0000
-2.2593
-2.2593
0.0000
865.3047
865.3047
0.0000

TORQUE

~361.3154
-361.3154
0.0000
2274.7969
2274.7969
0.0000
3.4121
3.4121
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Subroutine HANDLE .
if STBMIX =1




COEFFICIENTS OF CHARACTERISTIC EQUATION
LAMBDA ##0 COEFF IS 0.79189089E+00
LAMBDA *21 COEFF IS 0.22894875E+01
LAMBDA %42 COEFF IS 0.63648149E+01
LAMBDA **3 COEFF IS 0.28381273E+01
LAMBDA ¢t4 COEFF IS 0.10000000E+01
NORMALIZATION FACTOR= 0.10000000E+01

2.8381 6.3648 2.2895

-6.3848 3.3303

-10.2583
ROOT(1)= -0.17981 ,  0.34031t1 Q=
ROOT(2)= -0.17981 , -0.34031*1 ,Q=
R00T(3)= -1.23925 ,  1.95182*I Q=
BOOT(4)= -1.23925 , -1.95182t1 (=

COEFFICIENTS OF CHARACTERISTIC EQUATION
MATRIX EXPAESION RESULTS IN A ZERO ROOT
LAMBDA t*0 COEFF IS 0.18267846E+00
LAMBDA *#1 COEFF IS 0.26875928E+01
LAMBDA #22 COEFF IS 0.36294506E+01
LAMBDA #+3 COEFF IS 0,18613762E+01
LAMBDA tt4 COEFF IS 0.10000000E+01
NORMALIZATION FACTOR-= 0.13823591E+13

1.8614 3.6295 2.6876

-3.6295 4.2719

-0.1191
ROOT(1)= -0.44365 ,  1.56133tI Q=
ROOT(2)= -0.44365 , -1.58133*1 ,Q=
ROOT(3)= -0.07536 ,  0.00000*I ,Q=
ROOT(4)= -0.89871 ,  0.00000*I ,Q=

RETURNED FROM AS2014, LATERAL MODES
RETURNED FROM AS2005, NUMBER 1
BETURNED FROM AS2005, NUMBER 2

0.7919
8.6039

-3.5885

0.38490
0.38490
2.31200
2.31200

Printed from Subroutine SROOTS if SRTSPT = 1

0.1827

-5.2040
-3.5713

1.64238
1.64238
0.07536
0.89871

LONGITUDINAL NORMAL MODES

REAL INAG. VEL/THETA
-0.17981142E+400 0.34031451E+00 0.81648433E+02
-0.12392523E+01 0.19518186E+01 0.11338513E+02

LATERAL NORMAL MODE

REAL INAG. BETA/PHI
~0.44364989E+00 0.15813282E+01 0.22442721E+01
-0.75362235E-01 0.00000000E+00 0.15055505E+00
-0.89671418E+00 0.00000000E+00 0.36026663E+02

Figure 4-8.
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PHASE
0.10750738E+03
-0.15520202E+03

PBASE
-0.17904838E+03
0.00000000E+00

0.00000000E+00

SCAS OFF Root Printout

ALPHA/THETA
0.10769203E+03
0.34580852E+03

PSI/PHI
0.80153903E+00
0.16470360E+02

0.23160485E-01

PHASE
0.97926029E+02
0.24412333E+02

PHASE
-0.28371317E+03
0.00000000E+00

0.00000000E+00




L2 R R s R 2222222

t LONGITUDINAL PHUGOID *
tARRRARRRRRIRRRLAIRR

BEAL -.17981142
DAMPED NATURAL FREQUENCY  0.34031451
UNDAMPED FREQUENCY (RPS)  0.38489753
UBDAMPED FREQUERCY (CPS)  0.61258394E-01

PERIOD IN SEC 16.462862
DAMPING 0.46716699
TIME 70 HALF 3.8548553

tkpddkrRabRARARRRRARRERRIRRRS

* LONGITUDINAL SHORT PERIOD t
RRERARRARRERRRRIARRARRRARRARY

REAL -1.2392523
DAMPED NATURAL FREQUENCY 1.9518186
UNDAMPED FREQUENCY (RPS) 2.3119996
UNDAMPED FREQUENCY (CPS)  0.36796644

PERIOD IN SEC 3.2191415
DAMPING 0.53600889
TIME 10 HALF 0.55932677

thkhdtdetdhnde

* DUTCH ROLL ¢
tRErRiRRRLRALY

REAL -. 44364989
DAMPED NATURAL FREQUENCY 1.5813282
UNDAMPED FREQUENCY (RPS) 1.6423836
UNDANPED FREQUENCY (CPS)  0.26139367

PERIOD IN SEC 3.9733562
DAMPING 0.27012563
TINE T0 BALF 1.5623739

1322228832322

* ROLL MODE *

T
REAL -.89671418
TINE T0 BALF 0.77126523

PRRRERERRRERLRL
t SPIRAL MODE ¢

IRttty
BEAL -.75362235E-01
TIME T0 HALF 9.1975377

Figure 4-8 (Concluded)
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SCSRTS switch, Section 4.3.6. This method does not, however, assign the
classical mode names with the roots. Therefore, it may be desirable to

use both methods and compare the results.)
4.3.6 Matrix Method Root Printout

If SCSRTS=1 for the TRMS and MANS run—-type options, then a SCAS-OFF
stability analysis printout 1is provided. This analysis 1s based on a
matrix solution technique. In the baseline printout, an example of which
is provided in Fig. 4-9, a listing of the input mass, damping; and stiff-
ness matrices is provided. This 1s followed by an output of the
calculated SCAS-OFF roots and parameters associated with the roots. The
baseline switch setting provides SCAS-OFF roots for a 6 x 6 rigid body
degree-of-freedom analysis and a 7 x 7 analysis where the rpm degree-of-
freedom is added to the 6 x 6 rigid body degrees-of-freedom. If a larger
value than 1 is used for SCSRTS, other types of printout may also be ob-
tained. The various options available for this switch are summarized in
Table 4-1. (The options where SCAS ON roots are printed should be used
with extreme caution, because the SCAS ON configuration may not be up to
date unless the user has modified subroutine SCASRT.FOR. XV-15 ships 702
and 703 do not have the same SCAS systems, see Ref. 1l.)

4.4 RON-TYPE PRINTOUT

For each run-type, a heading page is printed. These pages
typically contain a printout of the time of day and date and the run-type,
as well as 1information and input data specific to the chosen run-type.
Figure 4-10 provides an example header page for the MANS run—-type. The
Programmer”s Manual provides examples for each of the run-type printouts

with a reference to which subroutine in the program produced the printout.
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t2¢ RPM COUPLED STABILITY ROOTS - SCAS-OFF - FLAPPING ALLOWED T0 CHANGE - 7 X 7 MATRIX #2#

0.40407E+03
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

MASS MATRIX--

0.00000E+00
0.40542E+03
0.29606E+02
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.20348E+05
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

DAMPING MATRIX--

0.14391E+03 -0.40253E+02 0.62373E+04

0.10950E+03
-0.44176E403
0.40452E-06
0.80730E-04
0.00000E+00
-0.74333E+03
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.39309E+03 -0.11939E+06
0.28221E403 0.22056E+05
0.24967E-05 0.25110E-03
0.30597E-06 -0.80157E-02
0.00000E+00 0.00000E+00
0.47116E+00 0.87280E+03
0.00000E+00 -0.10000E+01
0.00000E+00 -0.74583E-09

STIFFNESS MATRIX--

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.40407E+03 0.00000E+00
0.00000E+00 0.50950E+05
0.00000E+00 -0.10756E+04
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

0.50226E-05 0.00000E+00
0.00000E+00 0.91426E-04
0.00000E+00 0.80361E-02
0.10070E+03 -0.62161E+04
0.33282E+03 0.38590E+05
-0.57459E403 0.11545E+05
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 -0.10000E+01

0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
-0.10756E+04
0.67168E+05
0.00000E+00
0.00000E+00
0.00000E+00

-0.91426E-04
0.00000E+00
0.00000E+00
0.11937E+06
0.32188E+04
0.57064E+05
0.00000E+00
0.13970E-07

-0.53386E-01

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.82400E+03
0.00000E+00
0.00000E+00

-0.83003E+03
-0.24519E+03
0.23581E+04
0.91073E-05
0.46598E-03
0.00000E+00
0.47368E+04
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.10000E+01
0.00000E+00

0.12982E+05
0.69306E+03
0.00000E+00
0.96819E-05
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

Printed from Subroutines SCASRT, MPRINT, MAINDG, and OUT if SCSRTS > O

Figure 4-9.
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Matrix Method SCAS ON/OFF Printout

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.10000E+01

0.00000E+00
0.18135E-03
0.00000E+00
-0.12982E+05
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00




EIGERVALUES, {COMPLEX-VALUED)
REAL INAG

0.0000000E+00 0.0000000E+00
0.1258183E-15 0.0000000E+00
-0.1527745E-08 0.0000000E+00
0.2480169E-11 0.0000000E+00
0.2478601E-11 0.0000000E+00
0.6307231E-07 0.0000000E+00
0.2240528E-06 0.0000000E+00
0.2524561E-05 0.0000000E+00
-0.2264264E-06 0.0000000E+00
-0.7535509E-01 0.0000000E+¢00

NO. OF EIGENVALUES CALCULATED 18

--------------- FREQUENCIES---------------  DANPING
DAMPED UNDAMPED  UNDAMPED RATIO
RS RPS CPS

PERIOD TINE 10
HALF AMPL
SEC SEC

0.0000000E+00 0.0000000E+00 0.0000000E+00 0.9999900E+38 0.9999900E+38 0.9999900E+38

0.0000000E+00 0.1258183E-15 0.2002460E-16 -1.000000
0.0000000E+00 0.1527745E-08 0.2431482E-09 1.000000
0.0000000E+00 0.2480169E-11 0.3947312E-12 -1.000000
0.0000000E+00 0.2478601E-11 0.3944816E-12 -1.000000
0.0000000E+00 0.6307231E-07 0.1003827E-07 -1.000000
0.0000000E+00 0.2240528E-06 0.3565911E-07 -1.000000
0.0000000E+00 0,2524561E-05 0.4017964E-06 -1.000000
0.0000000E+00 0.2264264E-06 0.3603687E-07 1.000000
0.0000000E+00 0.7535509E-01 0.1199313E-01 1.000000

-0.8987213

0.0000000E+00

0.0000000E+00 0.8987213

0.1430359

1.000000

0.9999900E+38 0.5509112E+16
0.9999900E+38 0.4537060E+09
0.9999900E+36 0.2794757E+12
0.9999900E+38 0.2796525E+12
0.9999900E+38 0.1098972E+08
0.9999900E+38 3093678.
0.9999900E+38 274561.4
0.9999900E+38 3061247,
0.9999900E+38 9.198410
0.9999900E+38 0.7712591

-0.2712594E-01 0.1839980

-0.2712593E-01-0.1839979
-0.4436502 1.581331
-0.4436503 -1.581331
-1.247340 1.899457
-6.037715 0.0000000E+00
-1.247341 -1.899461

34.14812 25,55292
-34,14814 25,55293
3.973352 1.562373
-3.973351 1.562373
3.307885 0.5557001

0.9999900E+38 0.1148029

-3.307878

0.5556999

TIME REQD FOR THIS PROBLEN

TR-1195-3 (Rev. A)

0.1839980 0.1859668 0.2960071E-01 0.1458488
-0.1839979 0.1859867 0.2960069E-01 0.1458488
1.581331 1.642386 0.2613939 0.2701253
-1.581331 1.642387 0.2613940 0.2701253
1.899457 2.272398 0.3616634 0.5489091
0.,0000000E400 6.037715 0.9609323 1.000000
-1.899461 2.272402 0.3616640 0.5489085
0.033 MIN
Figure 4-9 (Concluded)
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DATE: 110CT'87 RUNTYPE: MANS

AFTER AIRCRAFT TRIM, A MANEUVER WILL BE BUN FOR 3.50 SEC

CONTROLS REMAIN LOCKED FOR THE FIRST 2.0 SECONDS OF THE MANEUVER

CONTROLS WILL THEN BE MOVED FOR 1.50 SEC AS SHOWE BELOW

TIME(SEC)  DXLN(PCT)  TIME(SEC)  DILT(PC?)  TIME(SEC)  DXPD(PCT)  TIME(SEC)  DICOL(PCT)

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.0l -10.00 20.00 0.00 20.00 0.00 1.00 0.00
3 20.00 -10.00 0.00 0.00 0.00 0.00 3.00 0.00
4 0.00 0.00 0.00 0.00 0.00 0.00 20.00 0.00
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
. 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

PITCH SCAS WILL BE TURNED OFF AT 50.00 SECOKDS
BOLL SCAS WILL BE TURKED OFF AT 50.00 SECOMDS
YAR  SCAS WILL BE TURNED OFF AT 50.00 SECONDS
DATA WILL BE PRINTED AT 0.10 SECOND INCREMENTS
A WIND GUST WILL BE ENCOUNTERED AFTER 0.00 SEC AND WILL STOP AT 0.00 SEC INTO RUN

TIME INCREMENT TSTEP =0.01000 SECONDS

Figure 4-10. MANS Run-Type Heading Printout
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4.4.1 DTPT Run—-Type Printout

The DTPT run—type provides three pages of printout for the various
tilt-rotor components or subsystems, with the inputs and outputs of the
subsystems being printed. Figure 4-11 shows the inputs and outputs for
Subsystems 1 and 10b. Also included in the DTPT print is a short force
and moment summary for the rotor, airframe, total in body axis, and total
in inertial axis. If FAMSUM=1, a complete force and moment summary page
is obtained. For the DTPT option, the stability derivative matrix is
always printed out even if STBMTX=0.

4.4.2 TRMS Run—-Type Printout

On the heading page for the TRMS run-type, the variables to be
swept, their starting values, incrementing values, and final values are
printed. For each trim case specified, the trim iteration information of
Fig. 4-12 is listed. If a minimum printout is desired, this is the only
information printed as each individual trim is performed. At the
conclusion of the TRMS run, a summary page like Fig. 4-13 is printed for
each of the values of the first variable of the sweep. Table 4-2 provides
a list of the available optional print for the TRMS run-type.

4.4.3 MANS Run-Type Printout

The MANS run-type header page provides a wealth of information to
the user, An example of this printout is provided in Fig. 4-10. A
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